sediment yield from a small watershed in southeastern Spain (Lanjarón): implications for water quality. Hydrological Sciences Journal, 57 (8), 1610-1625. Abstract This study presents an analysis of three hydrological years (2007/08, 2008/09 and 2009/10) of precipitation, runoff and sediment yield collected from a small (669.7 ha) semi-arid watershed in southeastern Spain (Lanjarón). At the watershed outlet the runoff, suspended sediment concentration, total solute concentrations and dissolved nutrients (N-NO 3 , N-NH 4 , H 2 PO 4 and K) in streamflow were continuously monitored. The runoff was highly variable, ranging between 53.4 and 154.7 mm year -1 , with an average of 97.6 mm year -1 . In contrast, sediment yields were more regular, averaging 1.8 Mg ha -1 year -1 . The hydrological response of the watershed depended mainly on rainfall intensity. Formerly, 32% of the watershed was forested and runoff was more regular, despite the typical Mediterranean rainfall cycle; however, due to forest area reduction to 17% and the increase in abandoned farmland area (18%) in recent decades, the runoff variability has increased. Greater amounts of solutes (32.7 Mg ha -1 year -1 ) were exported, so that this water is considered as poor for irrigation use. The temporal nutrient export was related to seasonal discharge fluctuations as well as daily concentrations. In addition, the nutrient concentrations of the water discharged were lower than threshold limits cited in water-quality standards for agricultural use and for potable water, with the exception of K (65.9 mg L -1 ), which may degrade surface waters as well as irrigated soils. Thus, hydrological and erosive processes depended on the watershed features, but also on prior conditions in combination with the characteristics of rainfall episodes. Runoff and sediment yield from a small watershed in southeastern Spain 1611 qualité de l'eau pour un usage agricole ainsi que pour l'eau potable, à l'exception de K (65,9 mg L -1 ), ce qui peut dégrader les eaux de surface ainsi que les sols irrigués. Ainsi, les processus hydrologiques et érosifs dépendent des caractéristiques du bassin, mais aussi des conditions antérieures, combinées aux caractéristiques des épisodes pluvieux.
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INTRODUCTION
Arid and semi-arid areas have high potential for producing and exporting large quantities of sediment, due to the torrential rainfall and almost total lack of natural protection against soil erosion by runoff (Bracken and Kirkby 2005) . In most drainage watersheds, the aim could be to water harvest the maximum quantity of water from rainfall events throughout the year for irrigation and drinking, but in others, the objectives could be to lower the runoff rate in order to decrease soil erosion and sediment transport or to aid water recharge (Davies and Mazunder 2003, Bouma et al. 2011) .
Experimental watersheds offer essential knowledge to recognize the hydrological and erosive processes under different land uses. The studies of rainfall, discharge, sediment transport and runoff-and sediment-contributing areas, are extremely important in interpreting the spatial and temporal dynamics in terms of quantity and quality of water resources (Lindim et al. 2011) . In this context, water resources are yielded primarily by headwaters situated in mountainous zones that are continuously perturbed by major changes in land use, which have a farreaching impact on reservoir management (López et al. 2004 , García et al. 2011 . For most European Mediterranean watersheds, the relationships among precipitation, discharge and suspended sediment during flood events are complex, hindering the formulation of predictive hydrological and sedimentological models. Many studies of hydrological response have pointed out the complexity and nonlinearity of rainfall-runoff relationships in different types of environments (e.g. Endale et al. 2006 , Tromp-van Meerveld and McDonnell 2006a , 2006b , Porto et al. 2009 , Rodriguez et al. 2010 , Mayor et al. 2011 , Penna et al. 2011 . Discharge assessment at the watershed outlet is the standard analysis, and forms the basis for development of many fundamental theories of runoff production and its quality (Blume et al. 2007 , Casali et al. 2008 , García et al. 2008a , Erturk et al. 2010 .
At both local and global scales, land-cover change alters infiltration, interception, or evapotranspiration processes (Zhang et al. 2001 , Cosandey et al. 2005 , affecting the hydrological cycle and water balance (Llorens and Domingo 2007) . According to Zhang et al. (1999) and Gallart and Llorens (2003) , at the watershed scale the conversion from grassland to forest diminishes water yield, while deforestation and depletion of land coverage augments runoff. The farmland replacement by grassland and shrubland, plant recolonization of abandoned lands and reforestation processes in recent decades in Spanish Mediterranean mountains could explain the decline in stream discharges into rivers (Beguería et al. 2003 , Gallart and Llorens 2004 , Durán et al. 2011 .
At the plot scale in mountainous areas, soil erosion and runoff rates have reduced when the soil surface has a high percentage of plant cover, and this circumstance may have an influence on important hydrological functions at the watershed scale (Zhang et al. 2007 , Durán et al. 2008a , Zhou et al. 2008 , Durán and Rodriguez 2009 . Similarly, at the watershed scale, different land uses have demonstrated that vegetation is a key factor, influencing sediment yield and runoff (García et al. 2008a , Nosetto et al. 2011 . In mountainous areas with scarce vegetation cover, the fluvial sediment export is high and fine sediment transfer to watercourses is strongly related to the runoff generation. Consequently, the watershed sediment response depends on the location and spatial distribution of water source areas (Gallart et al. 2002) .
In addition, the sediment generation provokes a net decrease in soil fertility and biological productivity with decreases in the nutrient-enrichment layers, exportation of organic matter and deterioration of physical structure, this having a notable impact on its water-holding capacity. The clay and organic matter of the soil are components that can adsorb most agrochemical soil applications, leading to transport by eroded soils and sediments (Dixon 1991, House and Denison 2002) . By the interaction between rainfall and the soil surface, some of these chemicals could be desorbed into solution, while others remain adsorbed and move with the soil particles by runoff (Durán et al. 2004 ). Accordingly, the collateral effects of water erosion and sediment yield include water-quality decline.
Plant nutrient losses exert a powerful environmental impact, N and P negatively affecting groundwater, surface water and the atmosphere. In addition, these nutrients may threaten drinkingwater quality (Goss et al. 1998 , Maticic 1999 . At the watershed scale, nutrient transport appears to be triggered by storm events, which can activate a number of hydrological pathways for transport and may also mobilize nutrients stored in soil particles.
Monitoring the streamflow and sediment-yield patterns with respect to land cover enables the assessment of sustainability of land-use systems, because both parameters reflect the ecological state of the entire watershed. Also, this type of information could be useful to assess the effects of any potential changes in land cover on water-resource systems and for devising strategies for sustainable land and water use. The objective of this study was, therefore, to analyse the behaviour of an experimental Mediterranean agroforestry watershed in terms of discharge, runoff, stream sediment and nutrient yields (N-NO 3 , N-NH 4 , P-PO 4 and K). With this aim, the impact on water quality in the study area was evaluated, as well as the hydrological response during short-(3-year) and long-term (30-year) periods.
MATERIALS AND METHODS

Salado watershed
The study area constitutes an agroforestry watershed of 669.7 ha named "El Salado" and situated in the Sierra Nevada Mountains, Lanjarón, Granada (southeastern Spain). The elevations of the highest point and the outlet are 2374 m and 670 m a.s.l., respectively, with a stream network that converges at the watershed outlet ( Fig. 1(a) ). In morphological terms, the watershed has a Gravelius index (Bendjoudi and Hubert 2002) and shape factor (Monsalve 1999) of 1.50 and 0.19 km km -2 , respectively. Together with the Rio Lanjarón watershed, the El Salado watershed is one of the tributaries of the River Izbor, which is connected to the Guadalfeo River. The topography of the watershed has an average slope exceeding 20%, showing features often found in mountain zones of the Mediterranean. The watershed is representative of the mid-altitude Mediterranean mountain environment with a typical land-management history, being cultivated with rainfed crops and reforested pine (less than 60 years). Figure 1 (b) displays the most representative land-use types, where most of the watershed is under hill forest and upland cultivation. Brief descriptions of dominant plant species for each land-use type are given in Table 1.  Table 2 shows the main land-use changes in the watershed between 1978 and 2009. According to 1985, 1989, 1991, 2000 and 2005. The same drastically decreasing trend was found for farmland area, which declined by 16.0% (from 205.5 to 98.7 ha) over the same period (3.4 ha year -1 ), primarily due to the abandonment of farming with traditional rainfed crops, whereby the major part of the almond area was converted to olive orchards. Also, during the last few years, new irrigated walnut and cherry orchards were established chiefly on terraces. In some low-elevation areas the irrigation facilities or possibilities were good compared to higher-elevation areas and therefore more human-farmland interaction took place in these areas.
The area of grassland/degraded land (abandoned land and grassland) and other land uses increased by 110.4 and 72.3 ha, respectively. Most of the terrain where shrubland (257.2 ha) was present corresponds to burnt area; also, due to fires (during 1985, 1989, 1991, 2000 and 2005) and drought years, a large part of rainfed almond orchards turned into shrubland and grassland. Figure 2 shows the dynamics of land cover in the watershed, mapping the area occupied by the different land uses in 1978 and 2009.
Geologically, the area belongs to the Alpujarride complex of the internal zones of the Betic Cordilleras, where a series of tectonic units are present as a consequence of normal and reverse low-angle faults (Aldaya et al. 1979 , Junta de Andalucía 1985 . The dominant soil parent material is colluvium and residuum derived from mica schist, and the slopes dominantly comprise phyllites and mica-schist, with weathered regolith covers of only a few cm in depth. These phyllites may be overlain in places by limestones that have rafted downslope on top of the phyllites. Figure 1 (c) shows the main soil types in the studied watershed that, in general, have loamy, sandy-loam and silt-loam textures, and were classified according to the FAO (1998). For the last 30 years the mean annual precipitation in the study area, over the hydrological years October-September, was about 531 mm with high inter-annual variability of rainfall intensity; most rainfall is concentrated in winter and autumn, while intense short-duration storms occur frequently in spring but rarely in summer, with 15.0, 20.8 and 9.2 • C for average annual, maximum and minimum temperature, respectively.
Measurement devices, runoff sampling and chemical analysis
Figure 1(b) shows the network of weather stations that was distributed within the watershed and along the main transects (land uses) in order to collect rainfall data and estimate the maximum intensity at 30 min (I 30 ) and the erosivity index (EI 30 ) (Wischmeier and Smith 1978 , Foster et al. 1981 , according to the following equations:
At the outlet of the watershed, a concrete weir was constructed in 1979 for measuring the streamflow discharge with a limnigraph ( 
where n is the number of samples; K is the conversion factor to take account of the period of record; C i and Q i are the instantaneous values of concentration and discharge, respectively, at the time of sampling (Webb et al. 1997 , Li et al. 2003 .
For each runoff sample, the electrical conductivity (Crison GLP-31 conductivity meter) was determined and analyses for N-NO 3 , N-NH 4 , P-PO 4 and K were made by standard methods for water (APHA, AWWA, WPCF 1995) . The sediment samples were analysed for C, N, P and K content by standard methods for soil analysis (MAPA 1994) .
Monthly weighted rainfall, hydrological, soluble solutes and sediment parameters were grouped by season (i.e. summer spans from July to September; autumn from October to December; winter from January to March; and spring from April to June). Changes in daily streamflow depth and sediment flux were assessed by trend analysis using linear statistical correlations (p < 0.01) among precipitation, hydrological and sediment export parameters. Table 3 lists the main rainfall characteristics for the monitored period, characterizing by well-marked summer and winter seasons, a typical Mediterranean-type climate. In terms of average monthly rainfall, July was the driest month (0.4 mm) and February the wettest (132.3 mm). During the first study year the monthly rainfall ranged from 19.1 to 81.2 mm and mean rainfall intensities at 30 min (I 30 ) between 8.2 and 28.9 mm h -1 . For the second year, the trend was fairly similar, with rainfall depth between 10.6 and 143.6 mm and I 30 between 5.7 and 29.8 mm h -1 . In contrast, in the last year, the rainfall varied from 3.5 to 322.5 mm and I 30 between 3.2 and 45.5 mm h -1 , recording about 36 and 19% of the rainfall in December and February, respectively. The rainfall recorded during the period was approximately of the same order of magnitude as the long-term mean for the last 30 years, 531.5 mm (Fig. 3) . Finally, the rainfall erosivity index computed for all the precipitation events during the monitoring period (data not shown) reveals that 63% of the rain episodes resulted in low erosivity (EI 30 < 100 MJ mm m -2 h -1 ) (Morgan 2005) . Table 3 Main rainfall parameters and hydrological and sedimentary responses during the 3-year monitoring period (from 2007/08 to 2009/10). 1 9 7 9 1 9 8 2 1 9 8 4 1 9 9 4 1 9 9 8 1 9 9 2 1 9 9 0 1 9 8 8 1 9 8 6 1 9 9 6 2 0 1 0 2 0 0 8 2 0 0 6 2 0 0 4 2 0 0 0 2 0 0 2 P and RF (mm) P = 531.5 ± 142.9 mm RF = 106.2 ± 44.1 mm The main hydrological parameters at the event scale are shown in Table 3 , with high variability for peak flow (from 2.0 to 24.8 L s -1 km -2 ), baseflow (from 0.6 to 4.2 L s -1 km -2 ) and mean flow (from 0.9 to 11.2 L s -1 km -2 ) discharges. The runoff coefficient (R C ) (after subtracting the baseflow from each flood) was generally variable, ranging from 0.04 to 14.5%, most values being higher than 5% in spring, when the watershed was saturated due to prior rainfall. Therefore, a wide range of R C was recorded in response to similar amounts of rainfall. Figure 4 shows the hydrographs of discharge and rainfall over the time for each monitored year, displaying the great variability.
RESULTS AND DISCUSSION
Hydrological response
Short-term dynamics
The rainfall storms at the end of winter and spring resulted in greater discharge, especially for the last two hydrological years, during which floods also occurred, with reduced intensities in some cases due to delayed overland flow associated with snow accumulation and snowmelt processes. Throughout the summer, meagre rainfall did not result in decreased discharge. Thus, the watershed recorded two high discharge periods, (winter and spring about 69%), with an intermediate period in autumn due to the sporadic storms, and a dry period in summer.
The dependency of discharge on precipitation in the watershed during the monitoring period was more or less regular, reacting according to the amount of rainstorm events. Also, within the framework of the present study, the monthly cumulative runoff in the watershed displayed a response to different total annual precipitation for 3-year monitoring period. Both rainfall and runoff in the last year (2009/10) (888.6 and 154.7 mm year -1 , respectively) were double those in the first (2008/09) (422.8 and 53.4 mm year -1 ), with an intermediate situation for hydrological year 2008/09 (529.3 and 84.7 mm year -1 ). During the summer, the streamflow from the watershed was only baseflow, being the lowest in August-September and peaking in December-May, when most rainfall occurs. The variation in runoff was greatest in April (±11.3 mm) and May (±11.8 mm). The runoff was low during summer because the watershed storage becomes depleted, and the little rain that falls has to meet the demands of evaporation, transpiration and soil storage before runoff can be generated. A longer time scale allows comparison of seasonality in the hydrological response of the watershed. To discern the long-term temporal changes, linear trend curves were fitted for the annual rainfall and runoff. In this sense, Fig. 3 shows the evolution of precipitation and runoff depths for hydrological years from 1979/80 to 2006/07 (no data for sediment yield). The mean annual precipitation and runoff over the period of record (2007/08 to 2009/10) of the present study were 613.6 and 97.6 mm, respectively. Therefore, the average annual rainfall was 14% higher and runoff 8% lower than the respective longterm average values for the data series. During the hydrological years 2004/05 and 2006/07, the runoff was 47.1 and 51.9 mm, respectively, these values being the lowest rates, which coincided with the lowest rainfall amounts of 246.8 and 340.3 mm, respectively. In contrast, the highest rainfall values during 1981/82 and 2009/10 were 821.2 and 879.2 mm, respectively, producing 169.4 and 168.8 mm of runoff, respectively. Consequently, the inter-annual variations of streamflow depths were strongly variable in the last 12 years, contrasting with the buffer effect during the 1980s and 1990s in relation to rainfall oscillations.
Long-term dynamics
The plotting of the rainfall and runoff for the period of hydrological years from 1979/80 to 1996/97 gave nonlinear relationships (r = −0.090), whereas, for the period between 1997/98 and 2009/10, relationships were linear (r = 0.343). This seems to be consistent with the predominant landcover changes that took place during this period within the watershed, especially those related to farmland abandonment due to demographic shift, as well as forest and shrub fires (Fig. 2) . Therefore, the observed changes may be altering runoff, making the watershed more sensitive to rainfall fluctuations. The grassland area has expanded due both to burnt forest and farmland abandonment, while mountain shrubs have gradually colonized pastures, where pioneer shrubs play a key factor for early tree recruitment during secondary succession (Gómez et al. 2005) .
Various authors have reported that land-cover expansion or contraction at the watershed scale affects water resources by increasing or decreasing evapotranspiration and, hence, altering streamflow production (Boch and Hewlett 1982 , Matheussen et al. 2000 , Delgado et al. 2010 , García et al. 2011 . In this context, seasonal variation of evapotranspiration has been observed with land-cover change (Dunn and Mackay 1995 , Olchev et al. 2008 , Nosetto et al. 2011 , although the effects on runoff would occur only during summertime, when plants increase their water 274  284  294  304  314  324  334  344  354  364  9  19  29  39  49  59  69  79  89  99  109  119  129  139  149  159  169  179  189  199  209  219  229  239  249  259 275  285  295  305  315  325  335  345  355  365  9  19  29  39  49  59  69  79  89  99  109  119  129  139  149  159  169  179  189  199  209  219  229  239  249  259 demand, particularly in transitions between tree-and herbaceous-dominated covers.
During the 1980s and 1990s, the El Salado watershed produced, on average, about 37% more runoff relative to the last 11 years under the current state of the watershed, but with higher annual rainfall events. The current watershed behaves as a complex mosaic, with large spatial and temporal variability in terms of runoff and sediment yield, reacting with greater sensitivity to all rainfall events throughout the year. Consequently, plant cover is one of the determining factors in regulating the seasonality and intensity of stream discharge, the annual volume of runoff, the suspended sediment concentration and the total sediment yield. Figure 5 shows the weighted monthly TSC and SSC at the watershed outlet for the 3-year hydrological period. In contrast to the discharge behaviour of the watershed, both TSC and SSC throughout the hydrological year showed a similar decrease during the winter-spring with average concentrations of 3.3 and 2.6 g L -1 , respectively. Specifically, dissolved salts and the suspended sediment load were mainly transported in September and October, the maximum recorded seasonal values being 6.7 and 5.9 g L -1 , respectively (Table 3 ). This figure also reflects that SSC is highly episodic, most being exported during certain runoff events associated with rainfall. The highest values for SSC were recorded in September and October, corresponding to events with relatively high average weighted 30-min rainfall intensity and erosivity index (14.1 and 25.3 mm h -1 , and 70.2 and 112.0 MJ mm ha -1 h -1 , respectively).
Dissolved and suspended sediment concentrations
Given the average annual rates, 94% of the material was exported in the form of solutes, with only 6% exported as suspended sediment (Table 4) . Although the large spatial variability in the stream discharge revealed an inverse relationship with both TSC and SSC, these parameters remained more regular.
The average monthly values of suspended sediment load over the monitored hydrological years 2007/08 to 2009/10 showed a regular behaviour with relatively low fluctuation, the highest values being recorded in December (17.7 Mg km -2 ) and January (17.5 Mg km -2 ), representing about 19% of the annual transported rate. In seasonal terms, the suspended sediment load distribution was 23, 24, 26 and 27% for spring, summer, autumn and winter, respectively. In this context, low-intensity rainfall generates moderate flooding and low peaks of TSC and SSC, with streamflow and sediment export originating from areas situated close to the main stream. By contrast, high-intensity rainfall produced more runoff and sediments than exported from a larger area in the previous case, but sediment was detached from the degraded soils adjacent to the stream channel. However, rainfall with low or moderate intensity, which occurred after a heavy rainstorm generated higher discharges and lower SSC. These types of events supply flows to the overall discharge from the watershed with exported sediment derived from the spatially limited degraded soils. Also, the dilution and decantation effects could be ascribed to the reduced SSC during high-discharge events.
Dense plant-covered areas decreased the runoff and sediment transport and these areas also filtered and diluted incoming sediment from other degraded sites before the materials reached the main stream channel. The cumulative sediment yield from the watershed was computed for each year monitored. The annual sediment yield for 2007/08 and 2008/09 was similar (1.74 vs 1.78 Mg ha -1 ), with similar stream discharge, while sediment yield for the 2009/10 (2.0 Mg ha -1 ) was higher as a result of increased precipitation. Also, these values coincided with years that had the lowest (1.5%) and highest weighted runoff coefficient (5.7%). Within the watershed, the increase in areas contributing to runoff and erosion was closely related to the land-use type, in particular to bare soils in areas of abandoned land (200.4 mm year -1 and 4.1 Mg ha -1 year -1 , respectively) and tilled farmland areas (156.0 mm year -1 and 3.8 Mg ha -1 year -1 ) which generate large amounts of sediment at the plot scale (Durán et al. 2012) . However, most of the rainfall energy was dissipated on hillslope erosion, with only a small part being available for the sediment transport to reach the main stream network. Consequently, most of the sediment detached by soil erosion may be deposited prior to reaching a watercourse, and the sediment yield from the watershed could be substantially less than the equivalent plot-scale rates of soil loss, as stated by Le Bissonnais et al. (1998) and Raclot et al. (2009) . Therefore, only a proportion of the sediment produced reaches the stream network, and the overall risk in terms of increased inputs of sediment to the stream system may be relatively low. Moreover, the deposition and temporary or permanent storage of mobilized soil may take place on the slope, specifically at the base of the slope, on the flood plain, in the stream channel, in the terraces and at the ends of rills and gullies. Thus, sediment delivery to the watershed outlet was subject to the spatial distribution of land use and to the degree of connection between sedimentproducing areas and the stream system (Russell et al. 2001 , Rickson 2006 .
In contrast, the results from field experiments in the study area showed that the use of soil-and water-conservation practices (plant strips and reduced biomass harvest) in farmland areas not only sustains increased productivity, but also maintains soil quality and reduces erosion and the risk of surface-water pollution at the plot scale, which probably affects the behaviour at the watershed level (Francia et al. 2006 , Durán et al. 2008a .
The average sediment yield recorded per hydrological year for the present study amounted to 1.8 Mg ha -1 -higher than the rates of 0.5-0.7 Mg ha -1 year -1 reported by Casalí et al. (2010) , similar to those reported by García et al. (2008b) of 1.2 and 3-6 Mg ha -1 year -1 for two small experimental Mediterranean watersheds, but lower than the 6.0 Mg ha -1 year -1 reported by Regüés et al. (2000) . This variability in soil loss could be attributed to diverse factors (e.g. topography, lithology, climate, land use, plant-cover type or scale). In this sense, the effect of scale factor on sediment yield has been widely discussed, an inverse relationship being assumed, but many studies report a positive or nonlinear relationship (sediment yield vs area) (e.g. de Vente et al. 2007 ). In addition, according to Wilcox et al. (2003) , the variation in the scale dependency of soil loss from the plot to small watershed scale is associated with the degree of disturbance of the contributing areas. Finally, the erosion rate (1.8 Mg ha -1 year -1 ) estimated for our watershed area did not exceed the tolerable rate of soil erosion of 11.2 Mg ha -1 year -1 (Unger 1984 ), but exceeded the upper limit of soil formation (1.4 Mg ha -1 year -1 ) for conditions prevalent in Europe according to Verheijen et al. (2009) . Table 5 presents the relationship (p < 0.01) among the rainfall, hydrological and sediment yield parameters during each rainstorm event in the watershed (n = 251). The hydrological response to rainstorms showed great variability with a broad scatter of the data, although in general the stream peak flow increased with the rainstorm event (r = 0.50). If the distinction between the seasons is considered, the linear relationships of R C with Q PF , Q MEAN , SSC and SY (r = 0.66, 0.7, −0.54 and −0.32, respectively; Table 5 Pearson correlation matrix between rainfall and hydrosedimentary parameters (see Table 3 for definition of parameters). p < 0.01) improved considerably for springtime, as did SY with SSC and Q PF , with correlation coefficients of 0.79 and −0.67, respectively. Thus, the rainfall characteristics explain a large proportion of the variability of the hydrological response. Rainfall depth and I 30 had a stronger influence on the erosivity index, as well as I 30 on sediment yield (r = 0.49) and hydrological response (r = 0.62), as reported elsewhere for the Mediterranean environment (Lana-Renault et al. 2007 , Soler et al. 2007 , Nadal et al. 2008 . Sediment yield is generally assumed to be related to rainfall intensity, as one of the main mechanisms of soil detachment, rainsplash, is highly dependent on rainfall intensity (Martínez et al. 2002) . However, our results did not support this because the data were somewhat scattered with a negative relationship for I 30 vs SSC (r = −0.33). This could be ascribed to the existence of plant-covered areas and rock fragments that probably prevented soil mobilization from rainsplash erosion by trapping the sediment before it reached the main stream channel. The moderate correlation between SY and P (r = 0.43) suggests that not all the sediment detached by a given event is transported out of the degraded area, while the rest becomes available to be exported by the following rainfall event. Therefore, the accumulated or trapped sediment, in order to reach the channel and watershed outlet, needs to be removed and resuspended by many floods. The significant and negative relationship between SSC and both Q MEAN and Q PF at the event scale revealed that the sediment response depended on discharge values. This relationship suggests the occurrence of dilution processes when the watershed is actively discharging water, presumably due to the addition of water free of sediments to the stream channels. The hydrological functioning is complex and the main runoff-generating processes are characterized by strong seasonality, mostly rainfall dependent. Under dry conditions, infiltration is the dominant process over vegetated areas close to the main stream channel, whereas during wet conditions the increasing development of saturated areas encourages the runoff-production process. Thus, the location and spatial distribution of the runoff-contributing zones within the watershed are presumed to govern the relationships among precipitation, suspended sediment transport and stream discharge at the outlet.
Relationships among hydrosedimentary parameters
The nonlinear relationship between rainfall and hydrological parameters corroborated the high variability of hydrological response in Mediterranean agroforestry watersheds (Cosandey et al. 2005 , Estrany et al. 2010 , Morán et al. 2010 . It is well known that the composition and type of land use within the watershed determine the most relevant parameters of the discharge originating from a variety of rainfall episodes. In this context, many authors have concluded that forest cover decreases water discharge, although the main difference is based on the type of plant cover and rainfall characteristics (Cognard et al. 2001 , Cosandey et al. 2005 , Komatsu et al. 2011 .
Watershed nutrient yield and nutrient streamflow: quality of water courses Figure 6 (a) presents the average monthly nutrient concentration in the stream at the watershed outlet during the hydrological year, showing highly variable H 2 PO 4 and a sharp increase for N-NH 4 concentrations in February and May (Fig. 6(b) ). For the study period, an increasing inverse relationship with discharge at the watershed scale was found, especially for K and N-NO 3 (Fig. 6(c) and ( and N-NO 3 concentrations displayed a seasonal pattern with higher values during winter and early spring, this probably being explained by microbial immobilization during the wintertime leaching (Foster et al. 1989 , Bruland et al. 2008 . The 3-year daily N-NO 3 concentration in the runoff throughout the study averaged 4.7 mg L -1 , ranging from 1.4 to 7.5 mg L -1 .
The maximum N-NO 3 concentration rates detected for a discharge event exceeded neither 50 mg L -1 , which is the allowable limit for drinking water according to the WHO (2008) , nor the 10 mg L -1 upper limit recommended for irrigation waters (Ayers and Westcot 1994) . Average N-NH 4 concentrations in the stream ranged from 0.01 to 0.06 mg L -1 , less than the natural levels for surface water and groundwater of 0.2 mg L -1 (WHO 2008) and 5 mg L -1 for irrigation (Ayers and Westcot 1994) . The H 2 PO 4 concentrations in the runoff ranged from 0.00 to 0.03 mg L -1 , below the established limits for the eutrophication of surface waters of 0.01 mg P L -1 (Vollenweider and Kerekes 1980) to 0.05 mg L -1 (US EPA 1976). Likewise, the inorganic P concentration in runoff was well below the recommended level of 2 mg L -1 for agricultural use (Ayers and Westcot 1994) . The average K concentration for the study period was 65.9 mg L -1 , ranging between 20 and 110 mg L -1 , which exceeds the upper limit prescribed for drinking water of 12 mg L -1 (Griffioen 2001 ) and the usual concentration in irrigation water of 2 mg L -1 (Ayers and Westcot 1994) . Although K does not directly lead to eutrophication, the negative impact and risk as a highpotential salinization agent for soils is evident when this water is used for irrigation.
The agroforestry watershed tends to generate runoff in late winter and spring with solutes prevailing over suspended sediment, the bulk nutrient export from the watershed being lower especially for N and P (Table 4 ). The N output in the present experiment of 0.98 kg ha -1 year -1 is in accordance with Dise and Wright (1995) , who indicated that below an atmospheric deposition of about 10 kg N ha -1 year -1 no significant N leaching occurred from forested watersheds. In addition, the N-NO 3 yield in the present experiment (4.2 kg ha -1 year -1 ) was similar to values given in Campbell et al. (2004) , who reported output values for the stream water of 24 forest watersheds ranging from 0.1 to 5.7 kg ha -1 year -1 (with mean and median of 6.4 and 7.0 kg N ha -1 year -1 , respectively). In contrast, the average yield of dissolved H 2 PO 4 was lower (0.01 kg ha -1 year -1 ) than rates (0.35 and 0.76 kg ha -1 year -1 ) recorded by Casalí et al. (2010) for two Mediterranean watersheds.
In relation to the total P yield, Frink (1991) reported an average P export of 0.12 and 0.5 kg ha -1 year -1 , for forested and pastured watersheds, respectively. Similar P export from forested and forestpasture watersheds of 0.1 and 0.3 kg ha -1 year -1 , respectively, was determined by Dillon and Kirchner (1975) . Thus, the P export from our watershed is comparable with the rates in other studies. The nutrient losses (particularly N and P) coming from applied fertilizers from the agricultural area are assumed to be minimal, at least at the watershed scale. However, at the plot scale, Francia et al. (2006) and Durán et al. (2008b) reported substantial nutrient mobilization by agricultural runoff from tilled soils with olive and almond trees, respectively, in surrounding areas but at different altitudes. Figure 7 shows the monthly electrical conductivity of streamflow discharge with decreasing values for the higher flows, which is probably associated with the dilution effect. High electrical conductivity was recorded at the watershed outlet, averaging 4.2 dS m -1 (range: 0.80-8.9 dS m -1 ) for the 3-year monitoring period.
This indicates the important presence of dissolved salts, especially chloride (>1650 mg L -1 ), bicarbonate (>700 mg L -1 ) and sulphate (>125 mg L -1 ) with sodium (>750 mg L -1 ), calcium (>270 mg L -1 ), magnesium (>55 mg L -1 ) and iron (>22 mg L -1 ), as found in waters with high electrical conductivity. This type of water may harm plants and its use for irrigation requires salt-tolerant plants, good soil drainage, excess irrigation for leaching and/or periodic use of low-salinity water (Ayers and Westcot 1994) . Within the framework of the present experiment, the average solute concentration was 3.3 g L -1 , varying for the entire monitoring period between 0.8 and 6.7 g L -1 , which is higher than that considered good (0.6 g L -1 ) by the WHO (2008) . In relation to livestock water, levels above 7.0 g L -1 TSC may pose significant risks for many animals. In terms of quality for irrigation purposes, based on total dissolved salts, this type of water has severely restricted use (Ayers and Westcot 1994) . Most nutrients, especially N and K, were exported as solutes (Table 4) ; the solute load was 32.7 Mg ha -1 year -1 . This predominance of solutes in discharge was probably due to the residence time of water within the soil and in soluble salts of soil-parental materials, which were dissolved by contact with overland flow.
Thus, these headwaters in the mountains export substantial amounts of salts, especially K-enriched runoff, to lowlands during the rainfall period.
CONCLUSIONS
A large proportion of soil loss from farmlands did not reach the watershed outlet, most of transported soil (from rills and ephemeral gullies) apparently being redistributed and accumulated within the watershed. Consequently, the sediment delivery to the watershed outlet was determined by the spatial distribution of land-use types, as well as by the connection of sediment-producing areas and the runoff. The transfer of sediments and plant nutrients from the watershed to the runoff varied temporally and took place mainly during intense rainfall events.
The suspended sediment yield was relatively low, especially in comparison with more degraded areas in the Mediterranean mountains subject to high geomorphic activity from intense farming and grazing.
Forest and farmland areas have shrunk within the watershed over the last 30 years due to wildfires and the abandonment of agricultural and traditional practices. The effects of land-cover dynamics on the stream discharge could be partially explained, corroborating the complexity of the interaction between the hydrological response and land use in Mediterranean watersheds. Assessment results of long-term annual discharge suggest an alteration trend in the last 12 years relative to the regular rates yielded in the past. This implies the loss of the buffer capability of the watershed in controlling discharge in the headwater region, suggesting a strong impact of land-use change.
The agroforestry watershed produces the highest floods in autumn and winter with a large spatial and temporal variability in terms of both sedimentand runoff-contributing areas. Finally, the watershed reacts to all rainstorm events throughout the year, with high soluble-salt loads.These findings confirm that the hydrological response in Mediterranean environments is complex, depending not only on the watershed features but also on prior conditions and the characteristics of the rainfall episodes, particularly intensity.
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